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COMBINATIONS ^YITH SPLIT FLAPS 
By Albert Sherman 



SUMMARY 



As part of the wing- fuselage interference investiga- 
tion in progress in the N.A.CA. variable-density wind 
tunnel, the effects of various split-flap arrangements ap- 
plied to wing- fuselage combinations were determined. 
Split flaps were found to exert their influence independ- 
ently of the interference, and their effects on the aero- 
dynamic characteristics of rectangular-airfoil combina- 
tions appeared to be more or less proportional to their 
exposed span lengths. The interference, moreover, showed 
the same character with the split flaps as without them. 



INTRODUCTION 



An extensive program of research is being conducted 
In the N.A.C.A. variable-density wind tunnel on the inter- 
ference between wing and fuselage at large values of the 
Reynolds Number (references 1, 2, and 3)« Reference 1 
outlined the wing- fuselage interference program and pre- 
sented the initial and basic parts thereof, comprising 
test results for 209 combinations that represented, to the 
widest practical extent, the most important parameters of 
combination, such as: wing position relative to the fuse- 
lage, wing shape, juncture shape, and fuselage shape. The 
investigation was subsequently continued mainly with re- 
gard to fuselage shape and comprised combinations with 
round, rectangular, triangular, elliptical, and airfoil- 
type fuselages. 

The wide employment of split flaps in design indicat- 
ed that information would be desirable concerning the in- 
terferences associated with v/ing-f uselage combinations 
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having split flaps. Me diura-camber or thick wing sections 
are known to he less affected "by the interference of a fu- 
selage than small-camber or moderately thick profiles 
(e.-., the N.A.C.A. 0012). In reference 3, moreover, it 
appeared that the effects of adding a split flap to a 
tapered wing having a thick section at the root were lit- 
tle influenced by the presence of a fuselage. In the 
phase of the investigation reported herein, therefore, 
various split-flap arrangements were added to wing- fuse- 
lage combinations having rectangular N.A.C.A. 0012 air- 
foils, and their effects, mainly with regard to the maxi- 
mum lift, wore determined. The descriptions in table V 
of the combinations tested indicate the scope of the ex- 
perimental investigation. 



L'ODELS AIT 33 TESTS 



The wing models employed were rectangular 5- "by 30- 
inch duralumin airfoils of N.A.C.A. 0012 (see reference l), 
and IT.A.C.A. 23012 (reference 4) profiles. The N.A.C.A. 
0012 airfoil is "standard 11 as a critical airfoil for the 
w ing- fuselage interference investigation* The N.A.C.A. 
23012 wo.s included to shew the effect on the interference 
associated with the use of a more recent profile. These 
wings were comhined only with the round fuselage (refer- 
ence l), which is an airship form of polished duralumin, 
20.156 inches in length, having a fineness ratio of 5.86. 
The various flap arrangements were made of trass plate 
and had sharpened trailing edges. They were all 20 per- 
cent of the wing chord in width and had the deflections, 
span lengths, and span positions indicated in table V. 
The fillets v;ere formed of smoothly finished plaster of 
paris as indicated in the third column of table V. Photo- 
graphs of representative combinations are shown in fig- 
ures 1 an d 2 . 

The tests were performed in the variable-density wind 
tunnel (reference 5) at a test ."Reynolds Number of approx- 
imately 3 # 100,000 (effective R s 8 , 200 , 000 ) . In addition, 
values of the maximum lift coefficient were obtained at o. 
reduced speed corresponding to a test Reynolds Number of 
approximately 1,400,000 (effective 1 = 3,700,000). The 
testing procedure and test precision, which are practical- 
ly the sane as for an airfoil alone, are fully described 
in reference 1. Since the tests of reference 1 were made, 
a small additional correction of less than -1 percent has 
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"been applied to the measurement of the dynamic pressure q 
to improve the precision of the results. 

RESULTS 



The test data are given in the same manner as in ref- 
erence 1, in Y7hich the methods of analysis and of presen- 
tation of the results arc fully discussed. 

As in the preceding reports of the interference pro- 
gram (references 1, 2, and 3), the test results are given 
in tables supplemented "by figures. Table I contains the 
characteristics of the wings alone and table II, those of 
the fuselage. Table III presents the suras of the fuselage 
characteristics and the interferences at various angles of 
attack for each of the combinations tested. The values 
given represent the differences between the characteristics 
of each combination and those of the wing alone or of the 
wing with a full-span split flap. Thus, for convenience, 
the effects of reductions in the flap span or of changes 
in the flap shape are included in the interference of the 
fuselage. Obviously, the characteristics of the combina- 
tions themselves can, if desired, be obtained by adding 
corresponding items in tables I and III. Table IV of the 
program (see reference l), which presents interference 
data for disconnected combinations, is not continued here- 
in because no additional combinations of this character 
were invc st igated. 

Table V contains the combination diagrams and descrip- 
tions in addition to the principal aerodynamic character- 
istics of the combinations. The values d/ c and k/c 
represent the longitudinal and vertical displacements, re- 
spectively, of the wing quarter-chord axis measured (in 
chord lengths) positive ahead of and above the quarter- 
length point of the fuselage axis; i w is the angle of 
wing setting. 

The last nine columns of the table present the fol- 
lowing important characteristics as standard nondimen- 
sional coefficients based on the original wing areas of 
15 0 square inches: 

a, lift-curve slope (in decree measure) as deter- 
mined in the low-coefficient range for an ef- 
fective aspect ratio of 6.86. This value of 
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the aspect ratio differs from the actual value 
for the models because the lift results are not 
otherwise corrected for tunnel-wall interfer- 
ence. For most of the combinations with split 
flaps, values averaged over the useful range of 
lift coefficient are given, 

e, Oswald ! s airplane, or span, efficiency factor, 
(See reference 1, ) 

C-n y minimum effective profile-dra~ coefficient 

i Cj] - . J . For most of the combinations 

with split flaps, average values of the drag 
taken over the useful range of lift coefficient 
and accurate to within about 5 percent are given 
instead . 



C L 0 - 0 j.» optimum lift coefficient, i.e., the lift coeffi- 
cient corresponding to Ojj 



lug 



1 D 



e min 



n 0 , aerodynamic-center position indicating approxi- 
mately the location of the aerodynamic center 
ahead of the wing quart r-chord a:: is as a frac- 
tion of the wing chord. Numerically n equals 
dC n 

L1 C/4 

at zoro lift# 

dux 



pitching-moment coefficient at zero lift about 
the wing quart e r-chord axis. For most of the 
combinations with split flaps, average values 
of the moment taken over the useful range of 
lift coefficient and accurate to within about i 
percent are given instead. 

Or , lift coefficient at the interference burble, 



i.e., the value of the lift coefficient beyond 
which the air flow has a tendency to break down 
as indicated by an abnormal increase in the 
drag. 

o j maximum lift coefficient given for two differ- 
max e&t values of the effective Reynolds Number. 

(See reference 1.) The turbulence factor em- 
ployed in this report to obtain the effective 
1 fro- the test is 2.64. 
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As in reference 2, the values of the effective . ' 
Reynolds Number differ somewhat from .those given in ref- 
erence 1 "because of a later more accurate determination 
of the turbulence factor for the tunnel. The values of 
the effective Reynolds Number given in reference 1 are 
subject to correction by a factor of 1,1. 

Figures 3 to 5 present the variation with angle of 
attack of the aerodynamic characteristics for certain com- 
binations, grouped so as to illustrate the effects of va- 
riations in the interesting parameters of combination. 
Angle-of-at tack plots are more effective than polars for 
showing the character of the lift-curve peaks and the 
lift-curve displacements produced by split flaps. 

DISCUSSION 



ffull^spaa flap**- The main effects upon the aerody- 
namic characteristics of an airfoil due to deflecting a 
split flap are: An increment is added to the maximum lift, 
the lift curve is displaced toward the negative angles, 
and large drag and negative pit ching-moment increments are 
applied, When a deflected full-span split flap is added 
to a combination of a rectangular airfoil and a round fu- 
selage, these results are apparently but little modified. 
The flaps act more or less independently of the interfer- 
ence, which shows a similar character for combinations 
with or without split flaps. The effects of the interfer- 
ence are most noticeable with respect to the interference 
burble and the maximum lift, because the action of the 
flap generally overshadows the effects on the other char- 
acteristics, Figure 3 illustrates the effect of the ver- 
tical position (with respect to the fuselage) of a flapped 
wing upon the interference. Definite interference effects 
on the drag, the bitching moment, and the lift-curve dis- 
placement can be seen that vary with wing position, but 
they are small compared with the results of adding a split 
flap and with the interference on the lift-curve peaks. 
It is interesting to note that the maximum lifts are af- 
fected in their absolute magnitude just as for combinations 
without split flaps (compare table V) and, moreover, that 
the interference burble for the midwing combinations with 
and without flaps occurs at approximately the same angle 
of attack. (See reference 1.) Likewise, different air- 
foil profiles show the same relative susceptibility to the 
interference burble when combined in the midwing position 
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with flaps or without flaps. (Compare combinations with 
E.A.C.A. 0012 and N.A.C.A. 23012 rectangular airfoils in 
ta"ble V; and, also, compare com binat ions with tapered 
N.A.C.A. 0018-09 wing and elliptical fuselage in reference 

) The il.A.C.A. 23012 profile (1.8 percent maximum cam- 
her, 15 percent hack of the leading edge) was somewhat 
less susceptible than the N.A.C.A. 0012 (zero camber) as 
regards the interference "burble. This result was to he 
expected from consideration of its mean-line shape. The 
addition of split flaps produced little change in this re- 
lationship • 

ikedji c e d - sp an_ f 1 ap s . - In practical applications , f 1 ap s 
of only partial span are often used to accommodate ordi- 
nary ailerons. The cost in ma:: imum-1 i f t increment for the 
rcctanf;ula^ wings is approximately proportional to the re- 
duction in flap span, being more than proportional to the 
span reduction where the flap goes through the fuselage 
and less where it goes under the fuselage (table V). As 
shown in figure 4, the characteristics other than the max- 
imum lift arc similarly affected. 

Cut-op, t^_in_ flap s . - Also for practical reasons, gaps 
are often left in split flaps at the inner ends near the 
fuselage. Such cut-outs of fairly large size were inves- 
tigated (table V), Figure 5 shows that the cost in maxi- 
mum lift, although' appreciable! may not be serious. (Sec 
also table V. ) 

The opposite of a flap cut-out, that is, a flap addi- 
tion such as employed for an air brake on a low-wing com- 
bination (fig. 2), showed very little effect except on the 
drag (table V, combination 283). 

Prftg and •pitching moment «-» The split flaps had very 
large effects on both the effective profile drag and the 
pitching moment. These characteristics for the large- 
span flaps exhibited, hov/ever, a negligible variation with 
angle of attack over the useful range of lift. In table 
V, therefore, it was possible to give for this range aver- 
age values that are accurate enough for most engineering 
uses. Further, drag and p i t ching-mo mcnt increments for 
various flap spans on rectangular wings could be taken as 
approximately proportional to the exposed span length of 
the flap s • 

It may be concluded that split flaps on rectangular 
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wings behave predictably and do not materially alter the 
■Ting- fuselage interference, particularly as regards the 
"burble • 



Langley Memorial Aeronautical Laboratory, 

National Advisory (Committee for Aeronautics, 
Laftgley Field, Ta. , February 9, 1938. 
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TABLE I - AIRFOIL CHARACTERISTICS 



Airfoil 


CL 


% 


Cm c/4 


CL 


% 


Cm c/4 


CL 


Q 


Cm c/4 


a = o° 


a = 4° 


a 


= 12° 




Rectangular N.A.C.A. 0012 


0.000 


0.0080 


0.000 


0.307 


0.0087 


0.003 


0.920 


0.0150 


0.004 


Rectangular N.A.C.A. 23012 


.090 


.0085 


-.006 


.400 


.0095 


-.004 


1.025 


.0161 


-.007 


Rectangular N.A.C.A. 0012 with 0.2c 
split flap deflected 60° 


.975 


.1718 


-.204 


1.2 68 


.1736 


-.207 


1.819 


.1755 


-.213 


Rectangular N.A.C.A. 23012 with 0.2c 
split flap deflected 60 


1.049 


.172 6 


-.207 


1.341 


.1738 


-.211 


1.895 


.1754 


-.218 


Rectangular N.A.C.A. 23012 with 0.2c 

0 

split flap deflected 75 


1.109 


.2093 


-.199 


1.389 


.2095 


-.201 


1.909 


.2095 


-.205 



TABLE II - FUSELAGE CHARACTERISTICS 



] 

Fuse- 
lage 


En- 
gine 


C L | C D 




C L 


C D 




C L 


C D 














a =o° 


a = 4° 


a =8° c 


; =12° 


a =16° 


Round 


None 


0.000 


.0041 


.000 


.001 


.00^2 


.016 


.005 


.0049 


.028 


.011 


.0052 


.035 


.019 


.0085 


.038 



"Pitching-moment coefficient a.Dout the quarter-chord point of the fuselage. 



TAbLE III - LIFT AND INTERFERENCE, DRAG AND INTERFERENCE, AND PITCHING MOMENT 
AND INTERFERENCE OF FUSELAGE IN WING-FUSELAGE COMBINATIONS 



Comoi- 
nation 



AC T 



£C t 



AC, 



c/4 



^Ct 



AC, 



rr. 



C/4 







Cl — o u 






u. — 4 




a =12° 


271 


0.035 


0.0045 


-0.001 


0.056 


0.0048 


0 . 000 


0.096 


j 

0.0058 


0.010 




-.024 


-.0113 


-.009 


-.012 


- . 0102 


-.006 


.014 


-.0070 


.012 


1 ^73 


-.121 


-.0243 


.019 


-.106 


- . 02 4 6 


.023 


-.073 


-.0217 


.040 


1 274 


-.564 


-.1077 


.113 


-.5i5 


-.1100 


.118 


-.470 


-.1105 


.131 


x 275 


-. 655 


-.1229 


.144 


- . 63 6 


- . 12 67 


.153 


-.540 


-.1272 


.168 


1 276 


-.080 


-.0105 


.014 


-.068 


-.0102 


.014 


-.056 


.0245 


-.006 


x 277 


-.100 


-.0070 


.033 


-.083 


-.0069 


.039 


-.051 


.0209 


.016 




-. 633 


-.1097 


• 146 


- . o0«i 


-.1133 


.154 


-.519 


-.1141 


.165 


279 


-.037 


.0046 


-.001 


-.015 


.0049 


.000 


.013 


.0059 


-.005 


1 2 80 


-.060 


-.0017 


.018 


-.051 


-.0013 


.022 


-.043 


.0030 


.025 


X 281 


-.13S 


.0021 


.034 


-.130 


.0035 


.035 


-.113 


.0027 


.037 


X 28S 


-.591 


-.0954 


.147 


-.570 


-.1007 


.148 


-.518 


-.1046 


.146 


L jMi 


-.474 


-.0588 


.134 


-.457 


-.0659 


.133 


-.406 


-.0748 


.120 


284 


-.015 


.0031 


-.004 


.006 


.0029 


.003 


.039 


.0033 


.014 


X 285 


-.101 


-.0079 


.031 


-.086 


-.0073 


.035 


-.060 


-.0055 


.049 


286 


.010 


.0032 


-.002 


.027 


.0031 


.002 


.061 


.0044 


.013 


x 287 


-.072 


-.0110 


.014 


-.059 


-.0114 


.015 


-.033 


-.0055 


.024 


l 2st 


-.089 


-.0129 


.020 


-.081 


-.0113 


.020 


-.051 


-.0082 


.026 



A; 



AC, 



rr 



/4 



o 
> 



h3 
CD 
O 

X* 

H" 

O 

P 



o 

ct- 
O 

o 



o 



The values given represent the differences oetween the characteristics of each combination 
and those of the corresponding airfoil with full-span split flap. 
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TABLE V. - PRINCIPAL AERODYNAMIC CHARACTERISTICS OF WING— FUSELAGE COMBINATIONS 



Diagrams representing combinations 



Com- 
bina- 
tion 



Longi- 
tud Lna 1 
posi- 
tion 

d/c 



Verti- 
cal 
posi- 
tion 

k/c 



Angle 
of 

wing 



Lift- 
curve 
slope 



setting ( per 

'degree) 



(deg.) 



A=6.86 



Span 
effi- 
ciency 
factor 



'opt 



Aerody- 
namic- 
center 
position 

n 0 



Lift coef- 
ficient at 
interference 
burble 



max 



Effec- 
tive 
R = 
8.2 x 
10 6 



Effec- 
tive 
R = 
3.7 x 
10* 



Rectangular N.A.C.A. 0012 airfoil with round fuselage 



:4b 



TO 



:4 b 



-J 



271 



272 



274 



275 



276 



Wing alone 



Wing alone with 
full-span split 
flap deflected 
60° 



With ordinary 
tapered flllet6 
and plaster 
finish at 
junctures 

Tapered fillets; 
plaster finish: 
60° split flap 



Tapered fillets; 
plaster finish: 
60° split flaps- 



Tapered fillets; 
plaster finish: 
60° spilt flap 



Tapered fillets; 
plaster finish: 
60° split flaps 



Tapered fillets; 
plaster finish: 
60° spilt flap 



0.34 



•34 



• 34 



• 34 



•34 



.16 



0.85 



.85 



.077 



.079 



0.0080 



"1.5 



.0125 



.15 



.06?2 



.0465 



• 85 



• 85 



.015 



*1.7 



'-.20 



-.18 



.09 



.063 



"1.54 



u 1.39 



C 2.15 



c 1.54 



2.33 



^2.13 



= 1.87 



-1.80 



D 1.83 



TABLE V. (Cont. ) 



Diagrams representing combinations 



Com- 
bina- 
tion 



Reotangular N.A.C.A. 0013 airfoil with round fuselage 



.4b 



^ — d 








F= 1 




1 , 










\— .0633 b 



4= 



— -| f — .u<_ 



137 



277 



278 



279 



280 



281 



282 



283 



(From refer- 
ence 1) 
Tapered fillets; 
plaster finish 



Tapered fillets; 
plaster finish: 
60° split flap 



Tapered fillets 
plaster finish: 
60° split flap 



Tapered fillets 
plaster finish 



Tapered fillets; 
plaster finish: 
60° spilt flap 



Tapered fillets 
plaster finish: 
60° split flap 



Tapered fillets 
plaster finish: 
60° split flap 



Tapered fillets; 
plaster finish: 
600 8pllt flap 
with addition 
to flap 



Longi- 
tudinal 
posi- 
tion 

d/c 



Verti- 
cal 
posi- 
tion 

t/c 



.3* 



• 3* 



• 3* 



3* 



Angle 
of 

wing 
set- 
ting 

(deg.) 



Lift- 
curve 
slope 
(per 
degree) 
a 

A= 6,86 



7 .078 



Span 
effi- 
ciency 
factor 



.85 



.0115 



.0590 



•"opt 



1.50 



Aerody- 
namic- 
center 
position 



.030 



.018 



-.18 



-.056 



Lift coef- 
ficient at 
interference 
burble 



D l-3 



n 1.9 



A 1.9 



'max 



Effec- 
tive 
R «= 
8.2 x 

!0 6 



Effec 
tive 
R ■ 
3.7 x 



LO 



6 



*1.23 



*1.80 



c 1.60 



"1.92 



c 1.96 



"1 .50 



c 2.13 



c 2.07 



J 1.79 



°1.83 



TABLE T. (Conol.) 



Diagrams representing combinations 



Rectangular N.A.C.A. 23012 airfoil with round fuselage 



o 



Com- 
bina- 
tion 



=0= 




284 



285 



287 



Wing alone 



Wing alone 
with full-span 
spilt flap 
deflected 60° 



Wing alone 
with full-span 
split flap 
deflected 75° 



Tapered fil- 
lets; plaster 
finish 



Tapered flllete; 
plaster finish 
60° split flap 



Tapered fillets 
plaster finish 



Tapered filletB 
plaster finish: 
60° split flap 



Tapered fillets; 
plaster "finish: 
75° spli't flap 



Longi- 
tudinal 
posi- 
tion 

d/c 



Verti- 
cal 
posi- 
tion 

k/o 



Angle 
of 

wing 
set- 
ting 

(deg.) 



Lift 
curve 
slope 
(per 



degree) factor 



A - 6.86 



8 pan 

effi- I C D 
ciency | •min 



.078 



.082 



.079 



• 85 



• 85 



.85 



'opt 



.0085 



.0117 



.17 



Aerody- 
namic- 
center 
position 



.024 



.016 



-.17 



.19 



Lift coef- 
ficient at 
interference 
burble 



"lb 



*1.5 



betters refer to types of drag curves associated with the Interference burble as follows 





/ 



^max 



Effec- 
tive 
R - 

8.2 x 

io 6 



Iffso- 
tivs 
R - 

3.7 x 

io 6 



c 2.32 



"2.37 



1.43 



c 2.24 



'2.25 



2.03 



°1.56 



c 2.10 



D 1.48 



"2.11 



^Ljb 



Poor agreement in high-speed range- 
* Poor agreement over whole range. 

Poor agreement in high-lift range. 
6 Rapid increase In drag preceding definite breakdown. 
7 Value that Is averaged over useful range. 



C L 



Type A Type B Type C L 

'Letters refer to condition at maximum lift as follows: Reasonably steady at c L m&x ] 

b .mall loss cf lift beyond (L ; c large loss of lift beyond and uncertain value of 
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Figs. 1.3 




Figure 2. - Combination 283, showing air brake. 



